Objectives. To evaluate the evidence for morphine and ziconotide as firstline intrathecal (IT) analgesia agents for patients with chronic pain. Methods. Medline was searched (through July 2017) for "ziconotide" or "morphine" AND "intrathecal" AND "chronic pain," with results limited to studies in human populations. Results. The literature supports the use of morphine (based primarily on noncontrolled, prospective, and retrospective studies) and ziconotide (based on randomized controlled trials and prospective observational studies) as first-choice IT therapies. The 2016 Polyanalgesic Consensus Conference (PACC) guidelines recommended both morphine and ziconotide as firstline IT monotherapy for localized and diffuse chronic pain of cancer-related and non-cancer-related etiologies; however, one consensus point emphasized ziconotide use, unless contraindicated, as firstline IT therapy in patients with chronic noncancer-related pain. Initial IT therapy choice should take into consideration individual patient characteristics (e.g., pain location, response to previous therapies, comorbid medical conditions, psychiatric history). Trialing is recommended to assess medication efficacy and tolerability. For both morphine and ziconotide, the PACC guidelines recommend conservative initial dosing strategies. Due to its narrow therapeutic window, ziconotide requires careful dose titration. Ziconotide is contraindicated in patients with a history of psychosis. IT morphine administration may be associated with serious side effects (e.g., respiratory depression, catheter tip granuloma), require dose increases, and cause dependence over time. Conclusion. Based on the available evidence, morphine and ziconotide are recommended as firstline IT monotherapy for cancer-related and non-cancer-related pain. The choice of first-in-pump therapy should take into consideration patient characteristics and the advantages and disadvantages of each medication.
Introduction
Intrathecal (IT) drug delivery offers proven benefits over oral analgesics for the treatment of patients with chronic intractable pain [1] . IT therapy delivers analgesic medication directly to the site of action on the dorsal horn of the spinal cord, thereby bypassing first-pass metabolism and the blood-brain barrier [1, 2] . This direct delivery allows a lower effective dose and less interaction with systemic receptors, thus decreasing systemic adverse effects [1] [2] [3] . The advantages of IT drug delivery may be relevant given the opioid abuse epidemic in the United States, which has led to an excessive number of deaths (33,091 opioidrelated overdose deaths in 2015, including >15,000 deaths related to prescription opioids) [4] [5] [6] , a growing population of opioid-dependent patients [7] , continuing drug diversion [7] , and patients whose pain is refractory due to opioid-induced hyperalgesia [8] .
The Polyanalgesic Consensus Conference (PACC) panel was formed in 2000 to review evidence pertaining to the efficacy and safety of IT therapies and provide published guidelines regarding their use [9] . Recently, the PACC panel reconvened to examine the foremost evidence on IT therapy and update the 2012 PACC guidelines, with the aim of providing clinically appropriate, evidence-based treatment recommendations that enhance both analgesia and patient safety [9] . The 2016 consensus conference, from which the updated guidelines were developed and published in 2017, did not delineate pain treatment recommendations by pain type (i.e., nociceptive, neuropathic), because many patients with chronic pain syndromes experience both nociceptive and neuropathic pain, but instead provided separate guidance for localized and diffuse pain [9, 10] . In addition, the latest PACC group considered the disease status of patients with cancer, decried the use of IT therapy only as salvage treatment, and applied a validated evidence ranking system (US Preventive Services Task Force [USPSTF] hierarchy of studies and degrees of recommendation) to guide the new recommendations (Table 1) [9] .
Morphine (a m-opioid receptor agonist; Infumorph, West-Ward Pharmaceuticals Corp., Eatontown, NJ, USA) and ziconotide (a nonopioid calcium channel blocker; Prialt, Jazz Pharmaceuticals, Palo Alto, CA, USA) are the only agents approved by the US Food and Drug Administration (FDA) as IT therapies for chronic pain [9, 11, 12] . Though both medications have demonstrated efficacy, each has unique pharmacologic properties, limitations, and monitoring requirements; thus, proper use of these IT therapies requires a thorough understanding of medication pharmacokinetics and pharmacodynamics, appropriate patient selection, and proper administration and monitoring [1] . This review considers the evidence for the use of morphine and ziconotide as firstline IT therapies in the management of chronic pain, summarizes the PACC 2016 guidelines for these medications, and provides guidance for appropriate patient selection, dosing, and monitoring for each agent.
Methods
Searches of the Medline database were conducted in July 2017 using the search terms "ziconotide" or "morphine" AND "intrathecal" AND "chronic pain" and limited to human research articles. These searches returned 59 English-language articles for ziconotide and 138 for morphine. Of these, 31 were duplicates. An additional 52 articles were excluded for nonrelevance based on the title (e.g., focused on mechanism of action, nonchronic pain population). The remaining articles were reviewed and included if they reported clinical research data or other relevant information pertaining to use of morphine or ziconotide as firstline IT therapies. The reference lists of these articles were further reviewed for additional pertinent articles.
Efficacy of Morphine and Ziconotide as Firstline Intrathecal Therapies

Morphine
Morphine is a m-opioid receptor agonist that is available as a preservative-free solution for IT administration [11] . Given its effectiveness [13] and long history of IT use [14] , it has been considered the standard for IT medication. The efficacy of IT morphine for the relief of cancer-related and non-cancer-related pain has been demonstrated primarily in noncontrolled, prospective, and retrospective studies, and in many studies it was unclear whether morphine was the first agent used in the IT pump [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . However, given that these reports describe initial IT pump implantation in patients with either inadequate response to or intolerable side effects from conservative treatment (eg, systemic nonopioid and opioid analgesics, tricyclic antidepressants, antiepileptic drugs) [15] [16] [17] [18] [20] [21] [22] [23] [24] [25] [26] [27] [28] , morphine seems most likely to be the first IT medication used in the majority of these studies. The results of these studies suggest that morphine administered as the initial IT therapy provides clinically relevant analgesia in patients with cancer-related and non-cancer-related pain (Supplementary Data). For example, in a prospective open-label study of 119 patients with refractory cancer-related pain, IT morphine (delivered in patient-controlled bolus doses) was associated with a 31% decrease in mean pain scores on a numeric analog scale (NAS) after one month of treatment (P < 0.01) [22] . Similarly, in a prospective study of 30 patients with refractory non-cancer-related pain, IT morphine (delivered via continuous infusion) was associated with a 37% decrease in visual analog scale (VAS) pain score after three months of treatment [20] . Only two randomized controlled studies specified the use of morphine as the first IT therapy administered, one study for cancer pain [29] and one for noncancer pain [30] . In IT-naïve patients with advanced cancer and refractory pain, pain (as assessed by VAS) was reduced after four weeks of therapy with both IT morphine (delivered by programmable infusion pump) plus comprehensive medical management (N ¼ 101) and comprehensive medical management alone (N ¼ 99). Greater pain relief was observed with IT morphine (12.4% between-group difference), although the difference was not significant (P ¼ 0.055) (Figure 1 ) [29] . The IT morphine group also had a nonsignificant improvement in survival at six months (53.9%) vs comprehensive medical management alone (37.2%; P ¼ 0.06). In a small (N ¼ 15) randomized, double-blind, dose reduction [29] . Patients with cancer pain received comprehensive medical management (CMM; all pain therapy except spinally administered medications, cordotomy, or other similar neurosurgical interventions) or IT morphine or hydromorphone therapy for four weeks. After four weeks of treatment, patients who received IT opioids had a nonsignificantly greater reduction in pain, as measured on a continuous visual analog scale ranging from 0 (no pain) to 10 (worst pain imaginable), than those who received CMM. (19) :4040-9 [29] . CMM ¼ comprehensive medical management; IDDS ¼ implantable drug delivery system; VAS ¼ visual analog scale. study, patients with chronic non-cancer-related pain who had received IT morphine for 12 months were randomly assigned either to undergo reduction of their morphine dose or to maintain their morphine dose [30] . In the morphine dose reduction group (reduction from 1.6 mg/d to 1.15 mg/d; decrease of 36% in IT opioid dose), 70% of patients discontinued the study, mostly due to worsening of pain, whereas no patients in the dose maintenance group discontinued. Taken together, these results suggest that IT morphine provides meaningful analgesia in patients with noncancer pain.
Ziconotide
Ziconotide is a nonopioid analgesic agent that selectively and reversibly binds to N-type voltage-sensitive calcium channels and appears to produce analgesia by blocking pronociceptive neurotransmitter release from nociceptive afferent nerves in the dorsal horn of the spinal cord [31] . Three randomized, placebo-controlled studies of patients with chronic, refractory cancer-related and non-cancer-related pain [32] [33] [34] have demonstrated effective analgesia with IT ziconotide, with sustained efficacy in long-term open-label extension studies (Supplementary Data) [35, 36] . In the first two randomized placebo-controlled studies (fast-titration studies), the starting dose was reduced (9.6-2.4 mcg/d) and the titration schedule altered during the study because of tolerability concerns; therefore, the efficacy results from these studies are not included in the label [12, 32, 33] . The label describes the efficacy results from the third randomized placebo-controlled study (slow titration study), which used a lower starting dose (2.4 mcg/d) and a slower titration schedule [12, 34] .
In a retrospective Italian registry study of IT ziconotide in patients with cancer-related (N ¼ 32) or non-cancerrelated (N ¼ 72) pain, pain intensity was reduced within one month after initiating ziconotide in the overall population and among patients with cancer or noncancer pain [37] . Patients with cancer-related and non-cancer-related pain attained pain reduction (20%-50%) after a mean of one and three months of treatment, respectively. Although most (53%) of the patients in this study received ziconotide as the first IT therapy, a subanalysis of these patients was not conducted; therefore, definitive conclusions regarding ziconotide as the first agent in the IT pump were not possible. A more recent retrospective review of 15 patients, all of whom received ziconotide as their initial IT therapy, showed that 53% of patients were classified as treatment responders (defined as 30% improvement in numeric pain rating scale [NPRS] [38] .
These positive findings were supported by the results of an interim analysis of the open-label, prospective, US-based Patient Registry of Intrathecal Ziconotide Management (PRIZM) study [10] . The preliminary data from the study were analyzed based on patients' use of different IT therapies as the first agent in pump (N ¼ 51 patients with ziconotide as the first agent in pump, N ¼ 42 patients with ziconotide as the second or later IT agent). From baseline to week 12, the mean percentage change in NPRS score was greater in patients for whom ziconotide was the first in pump (-16.0%) compared with patients for whom ziconotide was not the first in pump (-2.8%); this pattern of results was observed through month 12 (-34.4% vs -3.4%, respectively) ( Figure 2 ) [10] . In a subgroup analysis of patients enrolled for 12 months with NPRS scores at months 3, 6, 9, and 12, the percentage improvement at month 12 was 32.7% for ziconotide first-in-pump patients (N ¼ 13) and 5.4% for ziconotide not first-in-pump patients (N ¼ 8). Clinically significant improvement in pain (defined as 30% reduction from baseline NPRS score) was also observed in a greater percentage of patients with ziconotide first-in-pump vs not first-in-pump (20.0% vs 11.5% at week 12; 50.0% vs 11.1% at month 12) [10] .
Based on the the available evidence, the PACC 2016 guidelines advocate the use of morphine or ziconotide as firstline IT therapy for both cancer-related and noncancer-related pain (Table 2) [9, 39, 40] .
Safety of Firstline Morphine and Ziconotide Intrathecal Therapies
IT therapy may be associated with complications related to many factors, including those related to the IT pump itself (e.g., mechanical failure), pump pocket fills, issues surrounding preparation of the IT medication and programming of the pump for medication release, and complications following pump implantation surgery [41] [42] [43] [44] . Such events are relatively rare and typically unrelated to the specific medication within the pump, so they do not directly influence the choice of firstline IT therapy. However, when selecting the recommended therapeutic agent to use first in the IT pump (i.e., morphine or ziconotide), the safety of the medications and their potential limitations should be considered [14] .
Morphine
Morphine administered as IT therapy may be less likely to elicit the systemic effects associated with oral opioid therapy [1, 3] and therefore may be beneficial for patients with refractory pain or those who are intolerant to oral opioids. For example, a woman with neuropathic cancerrelated pain that was refractory to oral opioids experienced improved analgesia, increased alertness, and reduced side effects with IT morphine in a case report [45] . However, there is limited evidence for this approach, and changing the route of administration may not be sufficient to address opioid-related issues (e.g., tolerance, adverse effects, opioid-induced hyperalgesia) in some patients, and a nonopioid analgesic, such as ziconotide, may be considered [46] .
IT morphine may also be used as an add-on therapy for patients with breakthrough pain who are receiving oral opioids [3] . There is little evidence regarding the safety of this combination (IT opioids þ oral opioids), but initiating IT therapy may reduce the required oral opioid dose, which could ameliorate some of the side effects associated with these medications [29, 41, 47] . It is the recommendation of the authors that continued use of oral opioids should be limited. Medical professionals should have the goal of removing oral opioids from the treatment regimen once IT agents are initiated.
Although the 2016 PACC guidelines consider IT delivery of opioids such as morphine to be a relatively safe therapeutic option, this strategy is not without concerns (Table 3 ) [39] . IT morphine has been associated with serious adverse events including respiratory depression that could lead to death, the formulation of inflammatory masses (granulomas), and myoclonus [3, 48, 49] . Respiratory depression occurs most often during the initiation or restarting of IT opioid use and when used in combination with central nervous system depressants [39] . Because of this, caution should be used when initiating or restarting IT morphine to avoid overdose [13] . The development of granulomas around the catheter tip may occur with morphine (either as monotherapy or in Table 2 . PACC 2016 recommendations for use of IT opioids and ziconotide in cancer and noncancer pain [9, 40] [40] .
IT ¼ intrathecal; PACC ¼ Polyanalgesic Consensus Conference; USPSTF ¼ United States Preventive Services Task Force. *Evidence grades: I, at least one controlled and randomized clinical trial, properly designed; II-1, well-designed, controlled, nonrandomized clinical trials; II-2, cohort or case studies and well-designed controls, preferably multicenter; II-3, multiple series compared over time, with or without intervention and surprising results in noncontrolled experiences; III, clinical experience-based opinions, descriptive studies, clinical observations, or reports of expert committees. † Recommendation grades: A, extremely recommendable (good evidence that the measure is effective and benefits outweigh the harms); B, recommendable (at least moderate evidence that the measure is effective and benefits exceed harms); C, neither recommendable nor inadvisable (at least moderate evidence that the measure is effective, but benefits are similar to harms and a general recommendation cannot be justified); D, inadvisable (at least moderate evidence that the measure is ineffective or that the harms exceed the benefits); I, insufficient, low-quality, or contradictory evidence (the balance between benefit and harms cannot be determined). ‡ Level of consensus among members of the PACC: strong, >80% consensus; moderate, 50% to 79% consensus; weak, <49% consensus. combination with non-FDA-approved agents) and can cause serious neurologic deficits (if impingement on the spinal cord occurs) and disrupt opioid delivery (resulting in abrupt withdrawal) [39, 46] ; however, the association between granuloma formation and IT medication dose remains unclear [39] . For example, of 208 patients who presented over a 34-week period for a refill of their IT pump and had imaging studies performed, six had granulomas [50] . Of these, three were receiving morphine, all at different maximum concentrations (10, 25, and 50 mg/ mL). However, in a retrospective study of 56 patients receiving long-term IT therapy, both average opioid dose and dose escalation were associated with granuloma formation [51] . Additionally, in a canine model, granuloma formation has been associated with higher doses of IT morphine [52] . Routine imaging for granuloma formation is not necessary. However, if a patient presents with new-onset axial or radicular pain, a granuloma should be considered within the differential diagnosis, using imaging for confirmation. If a patient presents with focal neurologic deterioration, new-onset extremity numbness or weakness, or urinary or bowel incontinence, then a granuloma should be suspected and imaging ordered in the appropriate timeline. Imaging for detecting a granuloma should include magnetic resonance imaging (MRI) with and without contrast, or computed tomography (CT) myelogram or CT scan if MRI is contraindicated [39] . Less serious but bothersome adverse events such as constipation, nausea, vomiting, urinary retention, peripheral edema, neuroendocrine disruption (e.g., suppression of the hypothalamic-pituitary-adrenal axis), and pruritus may also occur with IT morphine administration [39, 53] . As with oral opioids, tolerance may develop with IT morphine, particularly in younger patients [54] and those whose pain is refractory to high doses of oral opioids, who may need higher medication doses and would be at increased risk for adverse events [14] . There is also the possibility of dependence and opioid withdrawal symptoms if the IT infusion is disrupted (e.g., following development of catheter kinks or tears or after the pump motor stalls) [13, 14] . In addition, care must be taken when lowering the dose or discontinuing IT morphine to reduce the likelihood of withdrawal symptoms [13] .
Safety data from prospective studies evaluating morphine as the initial IT therapy report adverse events typical of morphine, including nausea/vomiting, sleep Recommendation grades: A, extremely recommendable (good evidence that the measure is effective and benefits outweigh the harms); B, recommendable (at least moderate evidence that the measure is effective and benefits exceed harms); C, neither recommendable nor inadvisable (at least moderate evidence that the measure is effective, but benefits are similar to harms and a general recommendation cannot be justified); D, inadvisable (at least moderate evidence that the measure is ineffective or that the harms exceed the benefits); I, insufficient, low-quality or contradictory evidence (the balance between benefit and harms cannot be determined). ‡ Level of consensus among members of the PACC: strong, >80% consensus; moderate, 50% to 79% consensus; weak, <49% consensus. disorders, drowsiness, urinary retention, pruritus, fatigue, and sweating [21, 22, 24, 27] . These side effects typically occurred early in therapy administration and improved over time, either spontaneously or with medical management [21, 22, 24, 27] . Results from the only published randomized controlled trial of IT morphine with safety information showed a significantly greater reduction of toxicity from baseline to week 4 (as evaluated using the Common Toxicity Criteria) with a combination of IT morphine and comprehensive medical management (which consisted of all pain therapies except spinally administered medications) compared with comprehensive medical management alone (P ¼ 0.004) [29] . In particular, fatigue and reduced consciousness significantly improved with IT morphine plus comprehensive medical management vs comprehensive medical management alone (P < 0.05 for both) [29] . Notably, the median daily systemic morphine oral equivalent dose was similar between groups at randomization (comprehensive medical management, 272 mg; IT morphine, 250 mg), but by week 4 it had increased to 290 mg in the comprehensive management group and decreased to 50 mg in the IT morphine group [29] .
Ziconotide
Strategic dosing to maximize the efficacy and safety of IT ziconotide is required because of its narrow therapeutic window and because its tolerability profile correlates less with the actual dose administered than with the rate of dosage increase [31, 39] . PACC 2016 recommendations for ziconotide safety are presented in Table 4 [39] . The most frequently reported adverse events with ziconotide were dizziness, nausea, confusion, and repetitive rapid eye movements (nystagmus) [12] . The tolerability of ziconotide is generally better with the improved dosing suggestions, including nocturnal dosing [55, 56] . Less frequently reported but common adverse events included asthenia, somnolence, abnormal gait, vomiting, and diarrhea [12, 53] . Cognitive impairment (e.g., mental slowing, impaired memory and speech, confusion, psychosis, changes in consciousness) was reported with use of high starting doses and aggressive titration schedules but appears to be less frequent with slower titration protocols [46] . However, IT ziconotide remains contraindicated for patients with a history of psychosis [12] . Cognitive adverse events typically have a delayed onset (e.g., occurring several weeks after therapy initiation) but may occur within 10 days of the beginning of ziconotide treatment and require dose adjustment or discontinuation of the medication [12, 57] . Because of this, caregivers should vigilantly monitor and report any cognitiverelated adverse events displayed by patients.
Elevated serum creatine kinase (CK) levels are fairly common with IT ziconotide (experienced by 40% of patients in clinical studies) and are typically observed within the first two months of therapy [12] . Checking CK levels should be considered at baseline (before initiation of ziconotide) and periodically during therapy because sometimes elevated CK levels can be asymptomatic. Regular monitoring of CK levels in asymptomatic patients has not been shown to be needed Recommendation grades: A, extremely recommendable (good evidence that the measure is effective and benefits outweigh the harms); B, recommendable (at least moderate evidence that the measure is effective and benefits exceed harms); C, neither recommendable nor inadvisable (at least moderate evidence that the measure is effective, but benefits are similar to harms and a general recommendation cannot be justified); D, inadvisable (at least moderate evidence that the measure is ineffective or that the harms exceed the benefits); I, insufficient, low-quality, or contradictory evidence (the balance between benefit and harms cannot be determined). ‡ Level of consensus among members of the PACC: strong, >80% consensus; moderate, 50% to 79% consensus; weak, <49% consensus. but could be considered on an annual basis or more frequently in patients with muscle weakness at baseline. For patients presenting with symptoms of elevated CK (e.g., myalgias, muscle weakness, nausea/vomiting, tea-colored urine) during treatment, CK levels should be checked at the time of presentation and at more frequent intervals subsequently [57] . Reducing the dose and stopping ziconotide treatment are options in the presence of this condition (Table 5) . Only a few cases of rhabdomyolysis have been reported [12, 58] , making a direct association between ziconotide use and rhabdomyolysis difficult to confirm [12, 58] .
IT ziconotide does not cause respiratory depression or physical dependence due to its unique mechanism of action, and no withdrawal symptoms have been observed after treatment interruption or abrupt discontinuation [3] .
Also, no incidences of granulomas [31, 46] or lethal overdoses [31] have been reported. If adverse events do occur, dose reduction or rapid discontinuation is possible and may alleviate symptoms [39] .
In an interim analysis of PRIZM registry data, the adverse event profile was generally consistent with the ziconotide prescribing information. In patients who received ziconotide as the first IT agent in pump, the most common adverse events were nausea, dizziness, and peripheral edema [10] . In a retrospective review of 15 patients receiving firstline IT ziconotide monotherapy, notable adverse events included dizziness in two patients (which resolved with dose reduction) and transient urinary retention in one patient (which resolved without additional intervention) [38] .
The advantages, disadvantages, and considerations for IT morphine and ziconotide are summarized in Table 6 .
Combination Therapy
The PACC 2016 guidelines recommend that off-label medications and combination IT therapy be considered only after the failure of IT morphine or ziconotide monotherapy [9] . The only prospective study that examined the combination of morphine and ziconotide as initial IT agents was an observational study of patients with chronic cancer-related pain (bone metastasis) refractory to oral opioids [59] . The therapy combination improved overall pain scores from day 7 to day 28 (mean percentage change from baseline in visual analog scale of pain intensity [VASPI] score ¼ 51% at day 7 and 62% at day 28) with concomitant increases in the morphine (mean dose ¼ 0.82 mg/d at day 1 vs 1.2 mg/d at day 28) and ziconotide (2.4 mcg/d at day 1 vs 4.8 mcg/d at day 28) doses. Additional high-quality research (e.g., randomized active comparator [morphine and ziconotide monotherapy]) is needed to thoroughly evaluate the benefits and risks associated with the morphine and ziconotide combination as initial IT therapy.
Patient Selection Considerations
Good candidates for IT therapy typically include patients with either nociceptive or neuropathic pain or with Reduce dose or discontinue medication. Cognitiverelated side effects are dose dependent; therefore, the severity of symptoms should be considered when managing dosing during a cognitive change evaluation. In the event that changes occur and it is uncertain if they are related to the drug, neurology consultation should be considered once the drug has been eliminated.
CK elevations
For symptomatic patients with CK elevations, reduce dose or discontinue medication. For asymptomatic patients with CK elevations, continue monitoring [12, 57] .
CK ¼ creatine kinase; IT ¼ intrathecal. Firstline Intrathecal Therapiesmixed nociceptive and neuropathic pain (e.g., postlaminectomy syndrome or cancer pain) that is well localized and has a clear diagnosis [13] . Again, the intention of the PACC 2016 guidelines was to move away from nociceptive or neuropathic pain as an algorithmic determiner, as diffuse vs localized pain and appropriate catheter location seemed to play a larger role in treatment efficacy [9] . IT therapy may not be a good option for patients with widespread pain; headaches or facial pain; ischemic heart disease, heart failure, or cerebrovascular disease; inadequate caregiver support or transportation; or cancer with less than three months' life expectancy. Chronic noncancer pain indications for targeted drug delivery include, but are not limited to, postlaminectomy syndrome, chronic compression fractures, spinal stenosis, spondylosis, spondylolisthesis, complex regional pain syndrome, neuropathies, rheumatoid arthritis, and chronic pancreatitis [9] . Patients do not need to have failed a trial of oral opioid management to be considered for IT therapy. Furthermore, patients do not need to have failed a trial of neurostimulation to be considered candidates for targeted drug delivery. There is strong evidence for the efficacy of IT therapy for localized pain, but it has also been shown to be effective for diffuse pain [9] . Although the 2016 PACC guidelines recommend ziconotide over morphine as the first agent used in the IT pump for patients with non-cancer-related pain [9] , the choice of firstline therapy should take into consideration multiple patient characteristics (e.g., age, pain location, response to previous therapies, anatomic catheter location) and psychological characteristics (e.g., history of psychosis, anxiety, depression, personality disorders) [9, 13] . The higher rate of dose escalation that occurs with IT opioids in patients <50 years of age should also be taken into consideration when choosing to initiate therapy with ziconotide vs morphine [54] .
IT morphine may be beneficial as the first therapy used in the pump for patients with intractable chronic pain, particularly for patients who have contraindications to ziconotide [46] . However, IT morphine would be detrimental for those whose pain is refractory to highdose oral opioids and those with substance abuse problems, pulmonary disease, and/or central or obstructive sleep apnea [13, 46] . It has become increasingly clear that weaning strategies, as defined by Grider et al., may be important when preparing to employ IT opioids [60, 61] . Given the risk of exacerbating respiratory depression and subsequent death with IT morphine [3, 48, 53, 62] , patients should be evaluated for cardiopulmonary and respiratory status [13] and use of medications that may impact these factors [39] . The use of IT morphine may be associated with adverse cardiopulmonary effects. Therefore, the risks and benefits of use of IT morphine in patients with advanced age, morbid obesity, and sleep apnea should be considered before trialing [13, 46, 63] . The effects of IT morphine on the neuroendocrine system necessitate consideration, particularly if a patient is younger, because these disruptions may alter sex hormones (e.g., testosterone, estrogen) [63] . In patients receiving IT opioids, neuroendocrine dysfunction should be monitored based on patient symptomatology and physical examination findings (e.g., low energy, low libido, gynecomastia). Care should also be taken in younger patients, given reports of increased tolerance in this patient population [46, 54, 64] . Finally, patients who experienced inadequate efficacy, opioid-related adverse events, or hyperalgesia with systemic opioids may not be good candidates for IT morphine, as these effects may also occur with IT opioid therapy [46] .
Ziconotide is not associated with an increased risk of respiratory depression, even at supratherapeutic doses [12] and, therefore, is not subject to many of the patient concerns associated with use of IT morphine. The cardiopulmonary safety profile of IT ziconotide is particularly advantageous [39] . However, ziconotide is contraindicated for patients with histories of psychosis [12] , and careful monitoring is required for patients taking concomitant central nervous system (CNS)-active medications (e.g., antiepileptics, neuroleptics, sedatives), as these may increase the risk of CNS-related adverse events (e.g., reduced consciousness, dizziness, confusion) [46] .
Trialing and Dosing of Morphine and Ziconotide as Firstline Intrathecal Therapies
Trialing
Trialing of IT medications before implanting the IT device is recommended to provide clinically relevant information about the efficacy and tolerability of specific medications in a given patient, although evidence to support the predictive validity of such trials is limited [65, 66] . Trials of IT morphine can be performed using bolus injection(s), continuous epidural infusion, or continuous IT infusion [66, 67] . In contrast, ziconotide trialing is performed via bolus IT injections(s) and continuous IT infusion only [42, 66] . Based on the current limited evidence, no trialing method is regarded as superior [66, 68] . The choice of trialing method should consider many factors, including available resources, the chronic IT infusion strategy to be chosen for the patient, site of service, and physician preference and familiarity with the technique [41, 47, 69] . In a 2005 survey of interventional pain physicians (N ¼ 205 physicians), continuous IT (40% of physicians) and continuous epidural (35% of physicians) administration were the preferred methods for trialing opioid medications [70] . Trialing outcomes may be more informative when the trialing method (bolus vs continuous infusion) matches the planned long-term IT delivery regimen [66] .
Although no standardized method of trialing IT opioids has been established [9] , several considerations should be noted. When performing bolus trials, the dose for IT opioids should be minimized to reduce the risks of complications or death (e.g., respiratory depression), with duration of post-trial monitoring based on medication dose and half-life and patient comorbidities (eg, sleep apnea, pulmonary compromise) [66] . Also, improved efficacy of IT opioids has been demonstrated when oral opioids are discontinued or doses are reduced before the trial [60, 61, 66] . Physician survey data regarding the methods of trialing used for ziconotide are not available, but in the PRIZM patient registry, bolus injections were used in >90% of patients who received a trial of ziconotide [10] . Guidance on the trialing of ziconotide is available in at least two published protocols [56, 71] . These protocols used sequential bolus injections over several days or weeks, with dose adjustments based on efficacy and side effects. In light of these recent studies, the 2016 PACC recommended bolus trialing for ziconotide at doses ranging from 1 to 5 mcg [66] .
An important factor in trialing IT medications is defining their levels of success, because no standardized definition of a "successful" trial exists [66] . In clinical terms, a trial may be considered successful if pain is reduced to an acceptable level and side effects are minimal or tolerable. Medications that provide analgesia with some side effects may still be appropriate therapies if the dose is reduced. In such cases, the patient should be trialed again using the lower dose of the medication.
Dosing
Once trialing of medication has been successful, the IT pump may be implanted and drug administration initiated [13] . Standard administration of IT medication occurs via intermittent or continuous infusion, as programmed by the clinician, with dose adjustments made as needed at clinic visits to maximize efficacy and tolerability [39, 42] . Bolus and patient-controlled IT administration dosing strategies have also been reported with both morphine and ziconotide [22, 27, 56, [72] [73] [74] [75] [76] . In the 2016 PACC guidelines, recommended starting doses for continuous IT administration are 0.1-0.5 mg/d for morphine in opioid-naïve patients and 0.5-1.2 mcg/d (up to 2.4 mcg/d) for ziconotide [9, 66] .
The starting dose of IT morphine in patients who have developed a tolerance to oral opioids is variable (range ¼ 1-10 mg/d), and caution is required with administering starting doses >20 mg/d [11, 13] . Opioid dose and the occurrence of adverse events are directly related; therefore, morphine doses should be kept as low as possible [13] . Maintenance of analgesia may require increases in IT morphine doses over time as tolerance develops. However, if analgesic efficacy is not observed after multiple dose escalations approaching 50% of the PACC maximum limit (i.e., 20 mg/mL or 15 mg/d), the integrity of the device should be investigated [9] . The lowest possible effective dose of IT morphine therapy is preferred to limit many of the adverse effects of chronic IT opioid administration, including the development of tolerance and opioid-induced hyperalgesia [9, 13] . In small, noncontrolled studies, initiating a low-dose IT opioid therapy (0.25-0.5 mg/d and approximately 250 morphine equivalents/d) after an oral opioid weaning protocol has shown promise [61, 77] , but randomized, placebo-controlled trials are needed to establish the effectiveness of low-dose therapy. In the outpatient setting, practitioners are cautioned to use the lowest dose of IT morphine possible, with no more than 0.15 mg suggested for bolus administration, and an observation period of at least six to eight hours [66] .
Dosing of ziconotide delivered continuously, based on its prescribing information, should begin low (2.4 mcg/d), followed by slow upward titration (dose increases of 2.4 mcg/d every two to four days to a maximum dose of 19.2 mcg/d) to minimize occurrence of adverse events [12, 13] . However, to further improve tolerability, some recommend an even more conservative dose/titration schedule for ziconotide (starting dose of 0.5 mcg/d with dose increases of 0.5 mcg/d no more often than once weekly until effective analgesia and tolerability is reached) (Table 7) [53, 57, 78] . Tolerability may also be enhanced by altering the concentration of ziconotide in the pump reservoir or changing the flow rate; however, altering the flow rate may impact dosing of any concomitant IT therapies [57] . In contrast to IT delivery of morphine and other opioids, tolerance does not develop with ziconotide; therefore, dose escalation is typically unnecessary and doses may even be reduced over time, particularly in patients who receive IT ziconotide as the first treatment in their IT pump [10, 35, 36] . Consistent with this point, in the interim analysis of the PRIZM registry study, the ziconotide dose was 1.6 mcg/d at baseline and 1.5 mcg/d at month 12 in patients who received ziconotide as the first agent in their IT pump.
Recent publications describe two novel dosing paradigms designed to improve the safety and efficacy of ziconotide: night time bolus (flex) dosing and patientcontrolled administration (Table 7) [55, 56] . These dosing strategies take into account preliminary data suggesting that the distribution of ziconotide within the cerebrospinal fluid may be greater with bolus administration than with continuous infusion [79] . Night time-weighted bolus dosing makes use of the flex mode feature of the IT pump to deliver a clinician-programmed bolus dose of ziconotide in the evening (with or without around-theclock, low-dose continuous ziconotide infusion) [55, 80, 81] . Successful use of night time bolus dosing was demonstrated in a case series of 16 patients with chronic non-cancer-related pain [56] . In this study, patients who successfully completed a ziconotide bolus trial were initiated on ziconotide using continuous infusion flex dosing at a concentration of 5 mcg/mL or 10 mcg/mL, delivered as a 2-mcg bolus over a 30-45-minute period at night (11 PM) . Six months after initiation of therapy, 70% of patients remained on this dosing schedule.
Patient-controlled administration of IT medication is also available for commercial pumps in the United States [81, 82] . Preliminary data from a case series (three patients on IT ziconotide monotherapy) support the use of supplemental, patient-controlled, ziconotide bolus dosing (within limits programmed by the clinician) in addition to continuous background infusion [55] . Further support derives from the results obtained from the PRIZM study site with the highest number of enrolled patients. At this location, 12 patients received ziconotide as the first IT agent in pump, with supplemental, patient-controlled dosing enabled for 11 of them [83] . The mean pain reduction (NPRS) score in 10 ziconotide first-in-pump patients assessed at week 12 (the primary study end point) was -35% [83] . It should be noted that prescriber labeling for some devices states that the patient-activated dosing feature should not be used with IT ziconotide [84] and that ziconotide is FDA-approved only for continuous infusion [12] . However, the rationale for patient-administered dosing is supported by the routine use of bolus doses in the trialing of ziconotide without serious safety issues [66, 71] and the absence of serious side effects even after massive accidental overdoses of ziconotide [85] .
PACC 2016 Guidelines: Highlights of Changes in Recommendations for Morphine and Ziconotide
Morphine and ziconotide are recommended in the 2016 PACC guidelines as firstline IT monotherapies for localized and diffuse pain of cancer-related and noncancer-related etiologies [9] . However, caution is warranted when considering IT treatment of global pain, as the evidence is less well defined and suggests that such treatment is inadvisable [9] . Off-label IT monotherapy or combination therapy is not recommended until FDAapproved drugs have been tried and failed. Exceptions to this recommendation may be made when the patient has a contraindication to the labeled drug or in special circumstances, such as end-of-life care [9] .
Based on clinical evidence regarding efficacy and safety, ziconotide, unless contraindicated, is recommended as the first choice in the treatment of patients with cancer-related pain [39] and as the first IT medication selected for patients with non-cancer-related pain [9] . The recommended starting dose for ziconotide (0.5-1.2 mcg/d) [9] is lower than in the previous PACC guidelines (0.5-2.4 mcg/d) and the prescribing information, which recommends that ziconotide be initiated at no more than 2.4 mcg/d [12] . The 2016 guidelines specifically recommend a trial of ziconotide before using it in the pump (although trialing with ziconotide is considered off label), noting that a single-shot (bolus) trial seems adequate in most instances. In light of the interim PRIZM study results showing that first-in-pump use of ziconotide may confer a therapeutic advantage, the 2016 PACC guidelines note that "first-in-patient trialing of this medication is an attractive option" [66] .
Similar to ziconotide, morphine is recommended as a first choice treatment for patients with cancer-related and non-cancer-related pain; however, the level of evidence and recommendation grade are lower for IT opioids in non-cancer-related pain [9] . New to the 2016 PACC guidelines is a discussion of low-dose IT opioid therapy (also referred to as microdosing), for which additional evidence is needed to support recommendations, preferably from high-quality controlled trials [9, 66] . For trialing of IT opioids in an outpatient setting with conservative dosing, a shorter duration of post-trial monitoring (six to eight hours, compared with 24 hours in the previous PACC guidelines) is generally recommended; physiochemical properties of the specific medication and individual patient risk factors should be considered in discharge decisions [66] .
Conclusions
After its 2016 meeting, the PACC published updated guidelines to enhance patient safety and decrease the risk of complications related to IT therapy for pain relief [9] . These guidelines recommended morphine and ziconotide as firstline monotherapy for cancer-related and noncancer-related pain [9] . Ziconotide was recommended ahead of morphine (barring a contraindication for ziconotide) in patients with non-cancer-related pain [9] . Ultimately, the choice of first-in-pump therapy should take into consideration patient characteristics and the advantages and disadvantages of each medication. Applying the PACC 2016 guidelines in clinical practiceparticularly the use of ziconotide as firstline IT therapy for patients with noncancer pain-may improve the efficacy and safety of IT therapy for patients with chronic pain. The interim analysis data of the PRIZM registry suggest sustained effectiveness when ziconotide is used as the first agent in the pump [10] ; however, increased patient numbers and additional analyses of these data will contribute to our knowledge of and comfort in using nonopioid IT analgesics. In addition, data are needed to further understand the benefits and risks associated with the choice of initial IT medication (i.e., morphine or ziconotide) in diverse chronic pain populations.
